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Clinical and histological effects of weakly 
focused high-frequency ultrasounds on 
human subcutaneous adipose tissue
Os efeitos clínicos e histológicos doS ultrassoNS de alta frequência 
minimamente focadoS no tecido subcutaneo humano

DOI: http://dx.doi.org/10.5935/scd1984-8773.201572633

ABSTRACT
Introduction:  Lipo-reductive ultrasound devices are commonly used for non-invasive 
body sculpting purposes because they can achieve clinically appreciable subcutaneous fat 
pad reduction and are safe and well tolerated by patients.
Objective: This study aims to evaluate the morphological changes induced on the diffe-
rent cell components of human skin as a result of weakly focused high-frequency ultra-
sound. 
Methods: Full-thickness skin samples exposed or not to ultrasound ex vivo, and skin biop-
sies from patients pre-treated or not with ultrasound before lipo-reductive surgery, were 
analyzed to evaluate possible morphological changes of adipocytes. Adipocyte apoptosis and 
triglyceride release were also assayed. Clinical evaluation of the effects of repeated ultrasound 
treatment vs. sham-treatment was also performed.
Results: Compared with the control samples, ultrasound treatment induced an appre-
ciable reduction in adipocyte size, the appearance of plasma membrane micropores and 
triglyceride release, without appreciable changes in microvascular, stromal and epidermal 
components, and in the number of apoptotic adipocytes. Clinically, the ultrasound treat-
ment resulted in a time-dependent significant reduction of abdominal fat.
Conclusions: This study supports the safety and efficacy of trans-cutaneous weakly focused 
high-frequency ultrasounds for localized fat reduction, and provides experimental evidence for a 
possible mechanism of action.
Keywords: adipocytes, white; high-intensity focused ultrasound ablation; subcutaneous fat

RESU MO
  Introdução: Os aparelhos lipo-redutores de ultrassom são comumente utilizados em procedimentos 
não-invasivos para a estética corporal por provocarem reduções clinicamente significativas dos depósitos de 
gordura subcutânea.
Objetivo: Avaliar as alterações morfológicas induzidas em componentes das células da pele humana, 
causadas por ultrassom de alta frequência minimamente focado.
Métodos: Amostras de pele de espessura total expostas ou não à ultrassonografia ex-vivo e biópsias de 
pele de pacientes pré-tratados ou não com ultrassom antes da cirurgia lipo-redutora foram analisadas para 
avaliação de possíveis alterações morfológicas em adipócitos. Foram analisadas apoptose dos adipócitos, 
liberação de triglicérides e mudança clínica após tratamento repetitivo com ultrassom, em comparação a 
tratamentos placebo.
Resultados: Em comparação com as amostras-controle, o tratamento de ultrassom induziu uma redução 
significativa no tamanho dos adipócitos, assim como o aparecimento de microporos na membrana plasmá-
tica e liberação de triglicérides, sem alterações apreciáveis em componentes microvasculares, do estroma e 
da epiderme, assim como no número de adipócitos apoptóticos. Clinicamente, o tratamento com ultrassom 
provocou uma significativa redução, tempo-dependente, da gordura abdominal.
Conclusões: O presente estudo reforça a segurança e a eficácia do ultrassom transcutâneo de alta fre-
qüência minimamente focado na redução da gordura localizada, fornecendo evidência experimental de 
um possível mecanismo de ação.
Palavras-chave: ablação por ultrassom focalizado de alta intensidade; adipócitos brancos; gordura 
subcutânea
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INTRODUCTION
To fulfill the increasing demand for non-invasive fat 

reduction methods, as an alternative to liposuction, 1 numerous 
physical treatments--namely mechanical and electric stimulation, 
radio frequency, and low-level laser--have been investigated. 
However, most of them have not met with expectations, 1-4 and 
some have also raised safety issues.5 Of the most promising non-
invasive approaches to lipo-reduction, ultrasound holds a pivotal 
place. 6-9 In spite of its accelerating use in aesthetic medicine 
(with satisfactory results), the mechanisms of action on adipose 
cells remain to be fully elucidated and may likely vary according 
to the mode of ultrasound delivery. In fact, ultrasonic energy can 
be transmitted to the skin in non-focused or focused modes. In 
the non-focused mode, energy attenuates with depth: thus, to 
deliver enough energy to the subcutaneous fat, the superficial 
skin is exposed to maximum energy intensity and may undergo 
injury. Instead, focused ultrasound can be concentrated in a 
defined subcutaneous area to produce clinically relevant fat 
lysis while limiting damage to the upper tissues. 10,11 However, 
focused ultrasounds can induce marked heating, thereby causing 
adipocyte necrosis in the treatment area.12 

The most recent lipo-reductive ultrasound devices 
are specifically designed to prevent tissue injury. Contour ITM 
(UltraShape, Yoqneam, Israel), a focused ultrasound emitter, 
was first demonstrated to achieve selective adipocyte lysis and 
clinically relevant reduction of the volume of subcutaneous 
fat pad, in the absence of significant adverse reactions.7,13 
Med2ContourTM (General Project, Montespertoli, Italy) takes 
advantage of two angled non-focused transducers that create a 
weakly focused ultrasound field where the two beams overlap, 
i.e. within the subcutaneous fat pad.14,15

The cellular mechanisms underlying the lipo-reductive 
effects of ultrasound are not fully understood and are thus a 
matter for investigation. It has been shown that the impact of 
ultrasounds on adipose cells can induce transitory pore opening 
at the plasma membrane, allowing triglyceride leakage.14,15

The current study aims at providing further evidence 
for the efficacy of weakly focused high-frequency ultrasounds, 
delivered by the Med2ContourTM, for non-invasive lipo-
reduction and to search for possible morphological clues that 
can help understand the mechanism of action on adipose cells.

MATERIALS AND METHODS
This study complied with the guidelines of the 

Declaration of Helsinki, as amended in Edinburgh, 2008. It was 
approved by the Ethical Committee of the Faculty of Medicine, 
University of Florence, Italy. All subjects gave written informed 
consent to their participation in the study.

Study on human skin explants
Full-thickness biopsies of normal skin, about 15 mm 

thick, were taken at a surgery from three patients undergoing 
abdominoplasty (1 male, 2 females, aged 40-65 years). Each 
biopsy was cut in half, and each half placed in a Petri dish on 
ice, the subcutaneous tissue facing downwards, and mixed with 2 

ml of pre-oxygenated incubation medium (Dulbecco’s modified 
Eagle medium, DMEM; Gibco Invitrogen, Milan, Italy). A first 
sample was treated with non-focused ultrasound using the 
Med2ContourTM device (General Project, Montespertoli, Italy) 
set at: 3 W power output, 20 kHz frequency, pulsed mode (2 
pulses, 6 s. each, separated by a 10 s. pause). A single transducer 
of the Med2ContourTM was placed in direct contact with the 
epidermis through a thin layer of Aquasonic ClearTM ultrasound 
gel (Parker, Fairfield, USA). The above power and frequency 
settings were adopted because they were similar to those 
yielding the best clinical performance,7,14,15 while the timing 
protocol was chosen to avoid tissue overheating, considering 
that the skin explants lacked blood flow-related temperature 
homeostasis. Tissue temperature was continuously monitored 
with a digital thermometer and found not to exceed 38° C. 
The other specimen was sham-treated (i.e. subjected to the same 
handling procedure but with no ultrasound emission) and used 
as control. At the end of the experiments, fragments of adipose 
tissue were taken from the central part of the treated and control 
specimens, fixed in isotonic 4% glutaraldehyde and 1% OsO

4
, 

dehydrated and embedded in Epon epoxy resin (Fluka, Buchs, 
Switzerland) for light and electron microscopic studies.

Adipocyte size was measured by computer-aided 
morphometry on digital photomicrographs of semi-thin 
sections, 2 mm thick. The surface area of adipocyte lipid 
vacuoles was measured on 10 randomly chosen micrographs 
(test area: 65,700 mm2) from each specimen using ImageJ 
1.33 image analysis program (http://rsb.info.nih.gov/ij), upon 
setting an appropriate threshold to only include the osmiophilic 
lipid vacuoles of the adipocytes. Vacuolar profiles ≤ 1000 mm2, 
consistent with polar cross-sections, were excluded. Data were 
reported as mean values (± SEM) of the control and treated 
groups. For transmission electron microscopy, ultrathin sections 
were stained with uranyl acetate and alkaline bismuth subnitrate, 
viewed and photographed under a JEM 1010 transmission 
electron microscope (Jeol, Tokyo, Japan).

In vivo study
This was performed on three obese volunteers (2 males, 1 

female, aged 34-53 years) scheduled for abdominal lipo-reductive 
surgery, who were subjected to weakly focused high-frequency 
ultrasounds using the Med 2ContourTMset at: 2 W power output, 
pulsed mode, 20 kHz frequency, 15 minute treatment. In each 
patient, the right hypogastrium was the test area whereas the 
left hypogastrium was the sham-treated area. Two patients 
received four treatments at 27, 20, 12, and 1 day before surgery. 
The remaining patient received three treatments at 27, 20, and 
12 days before surgery: the aim of this protocol being to study 
whether the effects of the ultrasound were maintained over 
time. During the surgery, fragments of subcutaneous adipose 
tissue were taken from the central part of the test and control 
areas and processed for ultrastructural examination, as described 
above. Similarly, during the experiment on skin explants, 
morphometry of adipocyte size was performed on semi-thin 
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and focal ruptures of the peripheral cytoplasmic rim (Figure 4). 
Such ruptures were usually restricted to small areas of the cell 
surface, approx. 0.5-1.5 mm in diameter, but large enough to 
allow leakage of triglyceride droplets from the inner cytoplasmic 
vacuole to the extracellular space. Of note, no signs of adipocyte 
demise or cell remnants were observed. Of note, the cellular and 
intercellular stromal components showed a normal appearance, 
with no signs of damage (data not shown).

Ultrastructural examination of subcutaneous fat biopsies 
taken at surgery from ultrasound-pretreated abdominal skin areas 
showed different features from those of the ex vivo specimens. 
In all the patients examined, regardless of whether the biopsies 
were taken one or 12 days after the last ultrasound application, 
triglyceride leakage from adipocytes was not detected in the 
images. The interstitial stromal components showed a normal 
appearance (data not shown). However, adipocytes that had been 
exposed to ultrasounds consistently showed irregular, winding 
profiles and multiple lipid droplets clustered in the cytoplasmic 

Figure 1: Histological and morphometrical findings of subcutaneous 
adipocytes from ex vivo skin explants

Compared with the sham-treatment, ultrasound treatment by Med2Contour 
causes a statistically significant reduction of mean cross-section surface area 
of lipid vacuoles, related to adipocyte overall volume (Student’s t test). OsO4 
fixation/staining and toluidine blue counterstaining. Bars = 10 μm.

sections and ultrastructural analysis on ultra-thin sections of the 
Epon-embedded specimens.

Further, three overweight patients (2 males, 1 female, 
aged 30-33 years) were enrolled for assessment of subcutaneous 
adipose tissue mass in control and ultrasound-treated abdominal 
skin. They were subjected to four weekly ultrasound treatments, 
similarly to the above-described protocol. Before each 
treatment and one week after the last treatment, the thickness 
of subcutaneous fat pads in the control and test areas were 
assessed by measuring the depth of skin folds with a Harpenden 
caliper (FitnessAssist, Wrexham, UK). To normalize individual 
differences, the values were expressed as percent changes over 
the initial measures.

Statistical analysis 
The assayed quantitative parameters were statistically 

analyzed with Graph Pad Prism 4.03 statistical software 
(GraphPad, San Diego, CA, USA), assuming the individual 
patients as sample units (n=3). Statistical significance of 
differences between groups was assessed by unpaired Student’s t 
test; p ≤ 0.05 was considered significant.

RESULTS
Light microscopic and morphometric analysis of 

semi-thin sections of subcutaneous adipose tissue of the ex 
vivo skin explants (n=3) showed that ultrasound treatment by 
Med2ContourTM induced a marked, statistically significant 
decrease (-23%) in the size of adipocyte lipid vacuoles (Figure 1). 
Similar findings were observed in the subcutaneous fat biopsies 
taken at surgery from sham- or Med2ContourTM-pretreated 
abdominal skin (Figure 2). In the biopsies collected one day 
after the last ultrasound application (n=2), we found a significant 
reduction (-26%) of the size of adipocyte lipid vacuoles. In the 
biopsies taken 12 days after the last ultrasound application (n=1), 
the treatment induced an even more marked reduction (-47%) 
of adipocyte lipid vacuoles. No differences were observed 
among the sham-treated biopsies from the three patients (data 
not shown).

Ultrastructural analysis of adipose tissue from sham-
treated ex vivo skin explants demonstrated normal adipocytes, 
showing a large, osmiophilic lipid vacuole with a peripheral 
electron-lucent rim contiguous to a thin cytoplasmic layer 
containing scanty organelles, pinocytosis micro vesicles and small 
lipid droplets (Figure 3). Cells were surrounded by a continuous 
basement membrane. Blood micro vessels, mainly capillaries, 
and interstitial connective tissue composed of a loose matrix 
containing thin collagen fibers, showed a normal appearance 
(data not shown). Normal features of adipocytes and stromal 
components were also observed in the adipose tissue biopsies 
taken from sham-treated areas of the three patients enrolled 
in the study (data not shown). Conversely, the subcutaneous 
adipose tissue of ultrasound-treated ex vivo skin explants 
displayed well-appreciable differences compared with the 
sham-treated specimens. In particular, many adipocytes showed 
peculiar abnormalities, consisting in lipid droplet clustering 

área dos adipócitos

PLACEBO TREATMENT MED2CONTOUR

ADIPOCYTES ÁREA

Placebo Med2Contour
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Figure 2: Histological and morphometrical findings of subcutaneous 
adipocytes from abdominal skin biopsies taken at the noted times 

after the treatment

Compared with the sham-treatment, ultrasound treatment by Med2Con-
tour causes a statistically significant reduction of mean cross-section surface 
area of lipid vacuoles, related to adipocyte overall volume (Student’s t test).  
OsO4 fixation/staining and toluidine blue counterstaining. Bars = 10 μm.

Figure 3: Representative TEM images of adipose tissue from sham-treated 
ex vivo skin explants

A) An adipocyte showing lipid droplets of different size in the peripheral cyto-
plasm. B) Detail of the previous panel (arrow) showing intact cytoplasm and 
continuous plasma membrane rimmed by a basement lamina (arrowheads). 
Bars = 1 μm.

Figure 4: Representative TEM images of adipose tissue from ex vivo skin 
explants subjected to ultrasound treatment by Med2Contour

A) Adipocyte showing lipid droplet clustering in the marginal cytoplasm.  
B) Detail of the previous panel (arrow) showing the droplet cluster. C) A lipid 
droplet about to break the cytoplasmic rim (arrowhead). D & E) Cytoplasmic 
ruptures (arrowheads) allowing the leakage of triglyceride droplets in the in-
terstitium (asterisks); cf: collagen fibers. Bars = 1 μm.

rim (Figure 5). These features were never found in the sham-
treated adipocytes and are consistent with marked reduction of 
cell volume, conceivably related to triglyceride discharge.

Assessment of subcutaneous adipose tissue mass by 
plicometry showed a time-related decrease of the measured 
values in the ultrasound-treated abdominal skin regions as 
compared with the corresponding sham-treated areas (Table 1). 
Of note, the decreasing trend in the Med2ContourTM-treated 
regions continued one week after the last treatment (longer 
times not assayed).

DISCUSSION
The present findings indicate that weakly focused high-

frequency ultrasounds delivered by the Med2ContourTM device 
on human skin can yield a substantial reduction of subcutaneous 
fat and adipose cell size, confirming the previous clinical and 

área dos adipócitos

A B

PLACEBO TREATMENT MED2CONTOUR 1 DAY MED2CONTOUR 12 DAYS
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1 day 12 day
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histological observations of a marked lipo-reductive effect of this 
technique.7,14,15 This study provides additional morphological 
clues to better understand the mechanism of action of 
ultrasounds on adipocytes. In fact, exposure of full-thickness 
skin explants to two short ultrasound cycles (6 sec. each), with a 
similar energy output to that used for clinical purposes, resulted 
in a statistically significant shrinkage of subcutaneous adipocytes. 
By electron microscopy, the ultrasound treatment appeared 
to cause destabilization of adipocyte cytoplasm and plasma 
membrane enveloping the lipid vacuole, possibly by coalescence 
of lipid droplets. In turn, this phenomenon causes focal ruptures 
of the adipocyte cytoplasm, approx. 0.5-1.5 mm in diameter, 
which allow leakage of lipids from the inner vacuole to the 
extracellular space. Similar findings were observed in adipose 
tissue biopsies taken from patients who had been treated with 
Med2ContourTM. In particular, as compared with the sham-
treated areas, the mean size of subcutaneous adipocytes was 
markedly reduced one day after the last treatment and remained 
well appreciable after 12 days. Ultrastructurally, images of 
triglyceride leakage from adipocytes were no longer observed in 
any of the studied patients, although the adipocytes still showed 
ultrastructural features consistent with triglyceride emptying.

Of note, in both the ex vivo and in vivo experiments, lipid 
discharge was not accompanied by any morphological signs 
of adipocyte damage or interstitial inflammation. Moreover, 
the effects of ultrasound treatment appear to be restricted to 
adipocytes, while blood vessels and interstitial stroma showed 
normal features, as observed in the sham-treated controls. This is 
in keeping with previous in vivo porcine and human studies with 
both Contour ITM and Med2ContourTM, in which ultrasound 
treatment was shown to cause selective adipose cell reduction 

without injury to skin, vessels, nerves, or connective tissue.7,14,15 
The present findings suggest that the treatment with weakly 
focused high-frequency ultrasound, at appropriate settings and 
timing, does not create local adverse conditions which may favor 
tissue injury and subsequent inflammatory/fibrotic reaction. On 
the other hand, the integrity of the vascular components of the 
adipose tissue can favor the removal of interstitial fat droplets and 
putative pro-inflammatory mediators released from adipocytes, 
conceivably by lymphatic drainage.14,15

The observation that ultrasound treatment induces 
triglyceride leakage from adipocytes to the interstitial stroma 
poses the issue of their fate. It is conceivable that triglycerides 
can then be absorbed and metabolized by endogenous lipases to 
glycerol and free fatty acids, as well as incorporated in the total 
lipoprotein pool. Of note, serum lipids were unchanged7,11,14 
or slightly elevated, but still within the normal range,13 in 
experimental animals and in patients subjected to lipo-reductive 
ultrasound treatments, accounting for substantial safety of this 
procedure from a metabolic viewpoint. At variance with a 
previous report,16 we did not observe any signs of disarrangement 
of adipose tissue collagen network or induction of adipocyte 
apoptosis, but this discrepancy is reasonably due to the far longer 
(10 min.) exposure of the skin samples to ultrasounds adopted 
in that study.16

In conclusion, this study further strengthens the current 
view that non-invasive trans-cutaneous high-frequency 
ultrasound, one of the most sought-after plastic and aesthetic 
surgical procedures, is a promising technology for localized 
reduction of fat. Generalization of the meaning of our study 
is hampered by the fact that we enrolled a limited number of 
patients: however, the consistency of the observed findings 
provides support to the notion that Med2ContourTM, owing 
to its unique design yielding a weakly focused ultrasound field 
within the subcutaneous fat pad, can be an effective and safe tool 
for lipo-reductive purposes.  l
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Figure 5: Representative TEM images of adipose tissue from abdominal 
skin areas subjected to ultrasound pretreatment (1 day) by Med2Contour

A) Adipocyte showing multiple lipid droplets clustered in the cytoplasmic rim. 
B) Adipocyte showing irregular, winding profiles and two peripheral lipid dro-
plets; a capillary nearby C) shows normal features. Bars = 1 μm.

Table 1: Percent changes in subcutaneous adipose tissue mass, mea-
sured with a plicometry after 4 weekly treatments and 1 week after the 

last treatment (+1)

* Values measured after the first treatment (assumed as 100%) 

week Placebo treatment Med2Contour Student’s t test
  
1* 100 100 
2 101.6 ± 0.5 94.1 ± 1.1  p<0.01
3 100.1 ± 1.5 85.8 ± 2.4 p<0.001
4 101.2 ± 0.8 77.2 ± 0.5 p<0.001
+1 100.4 ± 1.5 77.7 ± 1.0 p<0.001
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